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only be brought into line with those already mentioned by assuming a mistake in transcription. For his years 1857 and 1858 he seems to have used two versions of the same figure, so that we have had to move his figures up to 1857 back by one year, and those from 1858 onwards back by two years. This gives as good an agreement as can be expected, considering that we have taken the figures from a very small diagram. Another way of describing this is that Hewitt records the first part of his series under the Outfit year of the sales, and the second part of the series under the calendar year of the sales. Elton (1924) copied Hewitt's chart, and stated that they could be converted into 'years of production' by subtracting one year. We can now see that this procedure was correct up to Outfit 1856, but wrong after that. Poland (1892) makes quite clear the situation about lag between collection and sales, and MacLulich (1937) has properly drawn attention to its importance, and suggested a correction of Elton's treatment. But Poland, though implying that his figures are London sales, has evidently dated them by the year after the Outfit of collection. This is curious, because he clearly stated: 'In the subjoined list of the Hudson's Bay Company's sales, the quantities quoted are those that are imported towards the end of the previous year, excepting those shipments which are delayed by the ice to the north of Hudson's Bay; these do not arrive till the year after. The goods from the North-west district were originally sold in the year in which they arrived, but since the September sales have been suspended, they are sold the following year.. As they take much longer in the voyage than those from other districts, they have been quoted for the year in which they arrive.' Poland was dating the sales by their Outfit year instead of their calendar year, i.e. by the second of the possible methods of recording, but not one. used by the Company itself. (His reference to delayed furs from the North-west clearly applies (as the earlier text proves) to those from British Columbia, which formed a small fraction of the total. His adjustment may give a slightly truer record of the real annual collection, but does not affect the general picture. We have no material for making a similar correction now.) MacLulich, by using Poland's figures as if they were in calendar sales years, therefore made a mistake in the opposite direction from that of Elton. Because Seton's curves agreed with Poland's figures, MacLulich naturally concluded that they also were sales, whereas Seton had stated: 'Through the courtesy of its officials I have secured the Company's returns for the 85 years-1821-1905 inclusive.' (On his graphs he added points also for 1906-8.)
The (Tables 1 and 2 ). Discussion of the periodicity will be deferred until ? 6. One handicap has been the almost complete absence of accurate maps showing the boundaries of nineteenth-century districts, which have therefore had to be fixed in relation to the network of posts in each district, and the known or probable limits of trapping activities radiating from each post at the edge of a district. We have been guided by the following principles in plotting these boundaries:
(1) Districts have always, on account of the early system of transport over canoe routes, tended to occupy water basins, or sections of them. So, where there are no other indications to go by, we have marked the line of watershed as the district boundary. This rule has settled many of the main difficulties. We have not been able to make much use of Arrowsmith's maps of the Company's fur-trade districts, because he starts with an incomplete and incorrect .picture of th6 geography of Canada, and there is no satisfactory way of transferring his Districts on to a modern map, where the pattern of coast and rivers is different. Where our maps differ from his, it is quite likely that he also meant to follow the line of the watershed, but had no means of knowing accurately where it was.
(2) The distribution of posts being known, a line can be drawn half-way between posts in neighbouring districts, where the watershed method is not applicable.
(3) Where the boundary crossed a river valley, a compromise has to be made between methods 1 and 2, in the light of available historical information.
(4) Some guesswork has been inevitable in the case of the outer boundaries of frontier districts. Where we have reason to be doubtful about this or any other conclusion, a broken line has been used.
It must be emphasized that the boundary is not usually a demarcation line in the same sense as a political frontier. Our only claim is that it probably gives a good indication of the area over which the natives sought for furs; but this area, even when the Company's arrangements remained unchanged, must have varied to some extent from year to year, depending (to give only a short list) on the activity of the trappers, their disposition of mind and body, and conditions (such as supplies of game for food, forest fires, winter cold or depth of snow) regulating the direction and distance of their search. There must have been some overlapping between districts, when the Indians of one locality preferred to carry their custom to some other post. In the MacKenzie River District archives, which have been rather fully extracted by us, there is a good deal of information on these topics, notably in E. Smith's description of the district in 1828, which we have drawn upon. Further historical investigation of the huge mass of archives still unanalysed should make it possible to define boundaries more accurately, and make corrections.
By grouping these districts together, many of the changes in area can be eliminated from consideration, and more or less stable regions obtained. These are shown in Figs For certain dates, independent versions of the MacKenzie River District and Athabasca District fur returns are available in the Post and District Account Books, sometimes in the form of detailed post returns, and sometimes as a District total. Since the series compiled from these sources is incomplete, it is impossible to make a systematic comparison between them and those from the Department Account Books, but they agree fairly well. Table 3 , and the returns themselves are in Table 4 and Figs. 7-9.
The grouping of District and Fur Purchasing Agency returns into regions is shown in

FUR RETURNS BEFORE 1821
A continuous record of the Hudson's Bay Company's London sales of lynx furs can be constructed, back as far as the sale year of 1736. In these early days the furs were sold at the Autumn Sales in the year they arrived, i.e. normally the Outfit after they were caught. In some years these 'Autumn Sales' included furs sold in the following January and February. Later in the eighteenth century there were also 'Spring Sales' in March. These differences have been taken into account in collating the figures, which for simplicity are described here in terms of the Outfit in which they are presumed to have been caught. There are two sources of figures, which overlap in time but show slight differences. We have extracted the original sale books for Outfits 1735-86 and 1794-9. For 1735-78 and 1786 there are 'fur marks' that record the lots from separate posts. There is also a published series of sales figures in Poland (1892), dated by him 1752-1821, obviously corresponding to Outfits 1751-1820. Both sets of figures are given in Table 5 and a composite curve in Fig. 10 . The differences in most years are of the same order as those in the nineteenth-century figures, and presumably of the same nature. There is some anomaly in his year 1809, when the numbers of all species except beaver show an extraordinary drop followed by a rise to an unusual level in the following year. We conclude that either many of the furs were delayed in transit and sold a year late, or that a mistake in transcription was made.
In 1736 Table 5 (continued) control of trading which gives the unique fur figures described in ? 4, and this date marks a natural change in the sequence, which we have used in this analysis. These historical notes are a necessary background for interpreting the fur figures, which were evidently subject to many changing influences, such as the irregular visits of native bands from great distances, and the trends of competition, as well as the real natural fluctuations which we are trying to detect. The main changes seem to have been the retraction of the Company's radius of influence in central Canada between 1734 and 1749, and the subsequent regaining of lost trade, and expansion to a far greater extent than before.
We have no independent check on Poland's figures for Outfits 1778, 1787-93 and 1800-20, but they are probably reliable for a general picture of fluctuations, judging by those sections of the lynx record that have been cross-checked, both before and after 1821. The anomaly in his year 1809 has already been mentioned. We have several direct bits of evidence about lynx numbers in central Canada, found in the Company's London archives, and doubtless others would be revealed by a more systematic search of the written material before 1821, which we have only investigated casually. In July 1776 Matthew Cocking recorded in the post Journal of Cumberland House, on the Saskatchewan River: 'Four or five years ago. cats [lynx] were very plentiful here and in the woody parts to the Southward etc., but now the natives say there are scarce any; this is attributed to the scarcity of rabbits, these being the cats' chief food. The scarcity of rabbits was also remarked down to the northward where they used to be plentiful, owing to a supposed dearth among them.' This agrees with the high lynx catches of 1769-71, followed by a period of decrease. Peter Fidler, a remarkably keen observer who did special surveys for the Company, in his 'Report of the Manetoba District' for Outfit 1820, gives the first recorded description of the periodicity of the lynx cycle: 'There are in some seasons plenty of rabbits, this year in particular, some years very few, and what is rather remarkable, the rabbits are the most numerous when the cats appear. This winter the cats have come in considerable numbers, whereas these several years past there was scarce one to be had. Its flesh is good eating, sweet and tender, and they live principally on rabbits; the cats are only plentiful at certain periods of about every 8 or 10 years, and seldom remain in these southern parts in any number for more than two or three years. They are supposed to emigrate from the north towards the Hyperborean Sea.' He gives some further notes in his Report for 1821. The returns for lynx in the Manetoba District were: 2 in 1817 (record missing for 1818), 9 in 1819, 483 in 1820 and 883 in 1821. In this same Report he says: 'Had the martins been as plentiful as these several years there would have been a more valuable trade than would haven for these several years.... At Fort Dauphin House the Trade is better than last year, which is principally owing to the cats.... The martins this winter have been very scarce, but it is generally observed that when this happens the cats become plentiful. Four years ago there were only two cats procured in this district and had the cats not appeared, the trade would have been very little....'
In the Journal of Fort Dauphin (which lay on Dauphin Lake, west of Lake Manitoba), for 25 February 1820, Fidler wrote: 'The blind fellow has near a hundred cat snares down and got lately twenty cats in going once round them.' 31 October 1821: '19 rabbits. They are very plentiful this year as well as the last.' These notes leave little doubt about the reality of the lynx peak shown in the fur returns for 1821-3. Although Fidler curiously got the relationship the wrong way round, the correlation between lynx and rabbit abundance was realized, the phase sequence of the marten and lynx correctly stated, and the periodicity of eight to ten years remarkably close to the real average period of about 9-6, varying from 8 to 11. The statement implies a knowledge of the cycle among resident traders, that must have been the result of observation over more than one cycle, and therefore confirms the general run of Poland's figures during the previous twenty years or more. The journals of Alexander Henry (in Coues, 1897, pp. 184, 198, 221, 245, 259) The peak was 1802, compared with 1800 for the Hudson's Bay Company's total. It will be noticed that the cycle in the Company's lynx catches, which shows up very clearly in the middle of the eighteenth-century curve, becomes rather irregular and confused between the years 1878 and 1890, though the main trend is clearly visible. There can be little doubt that this was to a great extent the result of a series of terrible pandemics of smallpox among the Indian tribes, which partly destroyed the whole basis of the interior fur trade. These epidemics have not been mentioned in the standard books on epidemiology, but Voorhis (1930) summarizes some of their dates. Although there had been earlier outbreaks in the country north of the Saskatchewan River, the culminating one advanced up the Assiniboine River in 1778 and thence spread through the West, incidentally putting a stop to the Indian wars. Between 1780 and 1783 the Lake of the Woods Region was partly depopulated and Red River and Winnipeg Regions severely affected. Hearne reported that it had destroyed nine-tenths of the Chipewyans and other northern Indians. It completely ended the fur trade in some areas for several years. Matthew Cocking, in a letter from York Factory, 12 August 1882, describes some of the disastrous effects of the smallpox on the Indians: 'Much the greatest part of the Indians whose furs have been formerly and hitherto brought to this place are now no more, have been carried off by that cruel distemper the smallpox. Mr Tomison informed me that the smallpox had destroyed most of the Indians inland, the whole tribe of Basquion Indians-their former assistants are extinct, except one child; and that of the several tribes of Assinnee-Poets, Pigogomeu, and others bordering on Sackackiwan River, he really believed not one in fifty had survived. He said that some of the Indians who went to war last year, having met with a tent of Snake Indians who were ill of the smallpox, they killed and scalped them. By this means they received the disorder themselves and most of them died on their return. The few that reached their own parts communicated this disorder to their countrymen, and since then it has run with great rapidity through the whole country about here and is now raging among our poor Pungee deer-hunters, of whom almost every one that has been seized with it have died.... Thank God we have preserved our home Indians as yet, by keeping them at a distance...' (London archives, Hudson's Bay Company).
The smallpox, killing off a large fraction of the Indian population, accounts for the greatly reduced catches of the fifteen years that followed. Another factor that might change the lynx cycle is over-trapping or other human activities pulling down the whole population level to a point where no cycle could occur at all. This seems to have happened to the marten (Martes ameri,cana) in Canada, which used to have a major cycle of about ten years, but in recent years has diminished very greatly and no longer shows marked periodic recovery in numbers (Elton & Swynnerton, 1936) .
Geographical extent. The cycle covers the whole northern forest zone of Canada, from Labrador to British Columbia and the Yukon. We have evidence also that there is a strong cycle in Alaska, thongh it does not always follow the Canadian one very closely. But a cycle of about ten years occurs over practically the whole range of Lynx canadensis.
Regional correlation. The most extraordinary feature of this cycle is that it operates sufficiently in line over several million square miles of country not to get seriously out of phase in any part of it. Table 6 brings out the remarkable degree of coherence in the cycle in regions thousands of miles apart. There are certainly differences in the peak years, and the whole Canadian peak takes several years to develop and decline. But if the populations were operating quite independently in the various regions, such differences would in a hundred years or less have accumulated to throw them entirely out of phase. The combination of regional differences amounting to several years, with an over-all broad synchronization through eleven cycles, makes it certain that some overriding process maintains the cycle in line over the whole extent of Canada.
It is not suggested that the regions we have chosen have any very significant ecological meaning, though they do tend to occupy river basins, whose watersheds may act as partial barriers, as shown by the presence of a separate subspecies of snowshoe rabbit Lepus amertcanus macfarlani in Alaska, Yukon and the lower MacKenzie River valley.
In reading the peak years marked in Table 6 , it must be remembered that some of them differ by only a small number of skins from the year before or after. But any other method of choosing which is the peak year involves too much opinion to be safe from abuse. For the moment, we shall consider these as if they were real indices of the population peak, though this is not really the case. The peak that fell in or just before Length of periodicity. Except in one or two instances where we have found substantial grounds for believing that the system of fur collection was temporarily dislocated, or mistakes had been made or records were missing (eighteenth-century smallpox, anomaly in 1808, gaps in 1892-6, war of 1914-18), it is possible to follow the cycle continuously from the middle eighteenth century. Even in years when the record was obscured, the major cycle persisted sufficiently to make any special analysis unnecessary. Such a general conclusion is made possible by the extraordinarily wide amplitude of the fluctuations. Between the peak years of 1752 and 1935 there were 19 complete cycles, giving an average period of 9 63 years. The frequency of variation around this average cannot be stated reliably from the total figures for Canada, because there is doubt as to the exact year of some of the peaks, e.g. 1809 might be 1808, 1913 might be 1914. It can be partly determined in another way, by counting all complete periods between peaks in Table 6 , for the separate regions. Owing to the gaps in records for 1892-6 and 1914, the later series cannot be used except for the last cycle in James Bay, Lakes and Gulf. The result of this is to give a picture of the periodicity mainly for 1821-85. The frequency is: 1 cycle of 7 years, 6 of 8 years, 16 of 9 years, 20 of 10 years, 3 of 11 years, and 1 of 12 years. Of 47 cycles that can be measured, 36 or 78o% are 9 or 10 years. The average of the whole lot is very near that given by the total curve for a longer period, but is not directly comparable.
Relation of the lynx to the snowshoe rabbtt. Although no thorough food studies have been done for the lynx, it seems to be generally agreed that its chief prey is the snowshoe rabbit or varying hare (Lepus americanus and subspecies), and that although it will eat other small animals and birds to some extent when it is starving, it is unable to exist successfully without snowshoe rabbit populations to prey upon. Seton (1912, ch. 14) gives some notes on the subject, remarking that 'It lives on Rabbits, follows the Rabbits, thinks Rabbits, tastes like Rabbits, increases with them, and on their. failure dies of starvation in the unrabbited woods.' He describes the large numbers of lynxes roaming about in the MacKenzie River Valley in 1906-7 after the rabbits had crashed. Specimens examined contained various small rodents in their stomachs, but were starving and thin. There is not space here to review the scattered evidence on lynx food habits, but the observations of Sheldon (1930) will be cited as a particularly convincing example of the attachment of the lynx to one food. Sheldon was a first-rate field observer, who camped alone during the winter of 1907-8 on the north-east side of Mount Denali (or McKinley) in Alaska, an area now forming part of a National Park. 'In this region rabbits had been scarce in 1906, and the year 1907 was the maximum of their periodic scarcity. Yet that year lynxes were common throughout the region...' (p. 329). A few still remained in the district that he camped in, but frequently when some rabbit tracks were seen a great horned owl would turn up almost at once, and they disappeared. Nearly all the lynxes he caught were starving. The only fat lynx seen that winter was an old female whose stomach was filled with mice and one ground squirrel an exceptional event. 'I could discover no evidence that they were hunting mice; and mice were so abundant that if the lynxes had eaten them to any extent they must have been well fed. On the contrary all the lynxes that I examined were in a very starved condition' (p. 329). In one instance only, a lynx had killed a ewe mountain sheep weighing 130-150 lb. presumably a rare event, as a lynx does not weigh more than about 20 lb.
Although the lynx cycle may be mainly explicable by the dependence of lynx on rabbits, it is also possible that the factor, at present unknown, which keeps the cycle in step over such large regions, may affect the lynx directly, e.g. through its rate of reproduction of physiological condition in other ways.
That the snowshoe rabbit itself has a persistent cycle averaging about 9-6 years can be shown by a large amount of evidence, part of which remains to be published.
The 206 Trapping and market factors. It is frequently suggested that the cycles shown in fur returns might be caused by changes in prices acting as incentive or deterrent to the trapping of particular species. We have given reasons in our paper on the muskrat why this is not an important factor, and these reasons apply to the lynx just as strongly. In the early days, and still to a great extent, trappers brought in any valuable skin they could catch, and for long periods at a time received the same tariff rates at the posts, although in London the prices did vary inversely with the supplies sold at auction (Innis, 1927) . There is also a great deal of direct evidence, both for rabbits and lynx, in the
